Background: Web-based surveys provide an efficient means to track clinical outcomes over time without the use of clinician time for additional paperwork. Our purpose was to determine the feasibility of utilizing web-based surveys to capture rehabilitation compliance and clinical outcomes among postoperative orthopedic patients. The study hypotheses were that (a) recruitment rate would be high (>90%), (b) patients receiving surveys every two weeks would demonstrate higher response rates than patients that receive surveys every four weeks, and (c) response rates would decrease over time.
Introduction
Patient-reported outcomes (PROs) are widely accepted and commonly used in health care to obtain healthrelated quality of life (HRQOL) data. 13 PROs provide clinicians insight into patients' experiences, which may include symptoms, side-effects, out-of-clinic therapies, or patient perceived effect of treatment. This information allows clinicians to alter treatments as needed according to the patient's symptoms or progression, rather than relying on the clinician's perceived condition of the patient. However, discrepancies remain as many clinicians continue to conduct outcome reports predominantly via staff-administered surveys instead of using patient-based reports. Patients may be able to provide additional symptoms beyond those reported by clinicians, and obtaining PROs encourages patient-clinician communication. 4 In practice, patient self-reporting may result in more accurate and comprehensive information regarding patient experiences, and may improve the proficiency of data collection in clinical practice. 5 While it is widely accepted in health care that patients, not physicians, should be providing HRQOL assessments, clinician-based assessments continue to be the predominant method of data collection, 6 particularly in the field of orthopedics. Beyond a well-established discordance between performance-based outcomes and PROs, 79 limited research exists regarding the application of PROs in clinical orthopedic practice. However, there is strong evidence supporting the use of PROs as a unique source of information in other clinical settings. It has been reported that physician ratings of symptoms do not correlate well with patient self-assessments of HRQOL in cases of prostate cancer treatment. 3 Physicians have a tendency to report fewer symptoms and less symptom severity in later follow-ups and often underestimate the degree of patient-reported impairment. 6 It has also been demonstrated that clinicians consistently report less severe patient symptoms and patient self-reports often include side effects not reported by clinicians. 10, 11 Currently one of the most common methods for documenting clinical outcomes is a chart review. However, this process of data collection and retrieval can be time-consuming and often requires multiple clinicians to capture the data. Throughout this process information may be misinterpreted, or simple errors may occur that result in a loss of information. 2, 4 Patient self-reporting removes several intermediate steps and may improve capture and consistency of recording treatment outcomes, compliance, and patient satisfaction. 10 With the continuing growth of computer access, the Internet, and other electronic communications, there has been a large increase in the number of instruments available for web-based surveys and outcome tracking. The use of electronically collected data allows large volumes of information to be stored and easily transmitted for both clinical care and research. 4 Using webbased interfaces may increase the depth and accuracy of available clinical data, save administrative time, and enhance consistency of data collection across treatment sites. 12 Using the Internet to collect PROs also provides a unique advantage in that patients are able to report symptoms in real time between clinic visits, thus allowing reporting within home environments. 4 Patients have reported that using a web-based interface improved discussion and communication with clinicians. 4 Additionally, the consistent capture of patient outcomes may provide earlier reporting of signs or symptoms which may be ''red flags'' for clinicians, allowing for a quicker response and improved patient safety. 4, 5, 13 Overall the use of electronic data capture, particularly through patient-assessed web-based interfaces, has a tremendous potential to enhance both clinical care and efficacy in research.
There is a further need for integrating patient-based measures into daily practice and developing a more effective method to distribute quality of life (QOL) assessments. 6 Allowing patients to submit self-reported outcomes and rehabilitation participation longitudinally will provide more comprehensive information to better evaluate patient progress and enhance communication between patients and clinicians. With the growth of Internet access, collecting web-based surveys at multiple time points throughout treatment or rehabilitation may be a useful means to capture patient perceptions and behaviors. A web-based survey provides a means to track data over time more efficiently because it does not rely on the patient returning to the clinic to report outcomes. However, it is unknown whether it is feasible to capture PROs though the web in an orthopedic population. Factors such as patient willingness and compliance with participation in web-based surveys determine the feasibility of capturing this information. Therefore, the purpose of this study was to determine the feasibility of conducting a web-based survey to capture compliance and self-reported outcomes among postoperative orthopedic patients over time. There are three hypotheses that guided the study: (a) recruitment rate would be high (>90%), (b) patients receiving surveys every two weeks would demonstrate higher response rates than patients receiving surveys every four weeks, and (c) response rates would decrease over time in both groups.
Methods
This was a prospective longitudinal cohort study. Patients were included in this study if they had undergone knee surgery. To be eligible for participation in the study, patients needed to be between the ages of 1665 years and have undergone surgery related to patellar instability, ligament, cartilage, or meniscus injury. Patient recruitment and enrollment for this study is modeled in Figure 1 .
Eligible and willing patients read and signed an informed consent document approved by the University of Kentucky Institutional Review Board (IRB#11-0644-P6A), in accordance with the ethical standards set forth in the 1964 Declaration of Helsinki. During screening, patients were asked to provide demographic information including education level, preferred method of contact (text message, phone, email, or standard mail), access to Internet, and employment status. If the patient did not have Internet access or was not willing to participate in further web-based surveys, she/he was no longer eligible to participate in the study. Patients who had internet access and were willing to participate were allocated in a counter-balanced manner (1:1) to receive surveys every two or four weeks. Based on group assignment, participants were sent recurring emails with a secure link to the appropriate survey along with log-in identification information. Depending on group assignment, patients received their initial survey either two or four weeks following surgery (one or three weeks following study enrollment). Those in the two-week group received a shortened survey (Supplementary Material, Appendix A) at weeks 2, 6, 10, 14, 18, 22, and 26, while all subjects received a longer survey (Supplementary Material, Appendix B) at weeks 4, 8, 12, 16, 20, and 24 . In addition to recurring emails, reminders were sent to participants at regular intervals if they did not complete a survey within the allocated time period. A maximum of two reminders were sent for each time point. Reminders were sent two and five days after the initial email if the survey was still not completed. If the survey for a given time point was not completed within one week of the initial email, that time point was considered missed, and the participant moved on to the next survey time point. After two missed survey time points, the research staff contacted the participant via phone to remind him/her to complete the survey.
Instrumentation
The web-based surveys were created through Research Electronic Data Capture (REDCap Survey Software, Version 1.3.10, copyright 2011 Vanderbilt University).
14 REDCap is a secure web-based application designed to support data storage and collection for research studies. All information is password protected and maintained on bioinformatics servers maintained in the university's secure data center. Web-based surveys were used to assess patient function and report frequency of physical therapy sessions. The surveys created in REDCap included questions created by research personnel and also incorporated questions from the following scales: Lysholm Knee Scale, International Knee Documentation Committee (IKDC) Subjective Knee Form and Modified Cincinnati Knee Rating Scale. 1517 The two week survey was designed to be a ''check-in'' survey to test whether more frequent communication improved response rates. Additionally, certain questions, such as those incorporated from the IKDC specify ''in the last month'' making asking them more frequently than every four weeks potentially invalid. Questions regarding physical therapy attendance and crutch use along with the Modified Cincinnati Knee Rating Scale were included in both the two and four-week surveys.
Data reduction and statistical analysis
The independent variable of this study was group (twoweek or four-week) based on the frequency of the survey. The outcome variables included the percentage of patients agreeing to participate in the intake questionnaire (recruitment rate), the percentage of patients capable of participating in the web-based survey (eligibility), the percentage of patients willing to participate in the web-based survey (willingness), and the percentage of web-based questionnaires completed (response rate). Overall compliance was evaluated categorically for each participant based on response rate. Compliance was qualified based on the following; completion of less than 50% of the surveys was considered poor compliance, 5070% completion was good compliance and greater than 70% completion was considered excellent compliance. 18 Non-compliance was defined as not completing any of the web-based surveys after agreeing to participate. Feasibility was defined as the percentage of all patients approached for the study that went on to participate in the study with at least good compliance (number of patients with at least good compliance/number of patients approached for study). For both groups data was collected for six months following surgery.
Data were analysed using descriptive statistics (percentages and frequencies) for all applicable variables for all participants. Because the data failed to meet the assumption of a normal distribution, the difference between response rates of the two groups (two or four week) was evaluated using a Mann Whitney U test and changes in response rate over time (first 12 weeks vs weeks 1426) were compared using a related-samples Wilcoxon signed-rank test with the alpha level set a priori at p < 0.05. Categorical compliance rates between the two groups were analyzed using a chi square test (p < 0.05).
Results
From a single orthopedic surgeon a total of 59 patients who had undergone orthopedic knee surgery requiring formal post-operative rehabilitation were approached and invited to participate. There was a recruitment rate of 98% (58/59), with one patient who declined enrollment and 58 patients who agreed to participate in the intake questionnaire. Based on Internet access and available email, 95% (55/58) patients were eligible to participate in the web-based survey; one patient did not have Internet access (age 29) and two additional patients did not have an available email address (age 16 and 54 years). Of these 55 patients, five patients were not willing to further participate in the study. Therefore, 91% (50/55) of patients with Internet/ email access were willing to participate in the webbased surveys. All patients having Internet access reported that access to be in their home.
Patients participating in the on-line survey included 29 females (58%) and 21 males (42%), with an average age of 35.4 years old (range 1766). Among the 58 participants who participated in the intake questionnaire, the most common preferred method of contact was email (43%), followed by telephone (33%), text (15%) and mail (9%). The five patients unable/unwilling to participate in the online survey included one female and four males; two patients preferred contact by phone, while the remaining three patients preferred contact by email, text, and mail. Table 1 provides information relative to patient demographics.
Response rate
There was an overall response rate of 43% among the 50 participants over a 24 (four-week group) to 26 (twoweek group) week follow-up. When compared between groups, those receiving a survey every two weeks had a median response rate of 50% (range 0100%; mean-¼ 44 AE 32%) compared to a median response rate of 33% (range 0 ¼ 100%: mean ¼ 40 AE 40%) among those receiving a survey every four weeks (p ¼ 0.55). Table 2 illustrates survey compliance among the twoweek and four-week groups. There were no statistically significant differences in compliance between groups (p ¼ 0.097). There were four participants in the twoweek group and 10 participants in the four-week group that were non-compliant. The two-week group also had six participants that had excellent compliance. The four-week group had a total of eight participants that had excellent compliance. A total of five patients completed 100% of the web-based surveys sent to them. Figure 2 illustrates the response rate of all participants receiving web-based surveys for the particular time point throughout the entire distribution time. The figure initially shows an identical response rate of 48% at four weeks among all participants. Response rate among the two-week group ranged from a high of 58% at 12 weeks to a low of 29% at 22 weeks. In the four-week group the highest response rate occurred at the initial four-week survey and declined to a low of 33% at the final 24-week survey. With the exception of week 8 (44% and 48%) the two-week group consistently had a higher response rate compared to the four-week group. Across both groups a higher response rate was observed in the first 12 weeks than in weeks 14 thru 26 (median response rate of 48% vs 38%, p ¼ 0.028).
Feasibility
Of all 59 patients that were approached to participate in the study, there was a total of 39% (23/59) that had at least good compliance (>50% response rate).
Discussion
The purpose of this study was to determine the feasibility of utilizing web-based surveys to capture compliance and PROs among post-operative orthopedic patients overtime. It was hypothesized that there would be an excellent recruitment rate, the two-week group would have a higher response rate than the fourweek group, and response rate would decrease over time in both groups. This study demonstrated a high recruitment rate (98%), high eligibility (95%) based on Internet access and email availability, and a high willingness (91%) of patients to participate in web-based surveys. There was an average response rate of 42%, with the two-week group showing a slightly higher but not significantly different response rate (44%) compared to the four-week group (40%). Overall, 46% of participants demonstrated good or excellent compliance with returning study surveys. This is one of the first studies to examine the feasibility of web-based surveys in an orthopedic population. Therefore, when considering the feasibility and practicality of utilizing a web-based survey to document PROs and rehabilitation progress among post-operative orthopedic patients it is reasonable to anticipate obtaining results from 39% of eligible patients.
Recruitment rate
This study demonstrated a high recruitment rate (98%) among post-surgical orthopedic knee patients to regularly self-report progress during the rehabilitation process. Recruitment rate in the present study was likely high because the sample population was individually contacted in person during a regularly scheduled clinic visit. Patients also may have been more likely to agree to participate because the data collected via the survey was specific to their health status. The literature reports that participants are more likely to participate in surveys that relate to personal interests and behaviors. 19 The patients were reporting their status following a recent surgery and subsequent rehabilitation, as the intrinsic value was high we expected that recruitment rate from patients would be high.
The results of this study agree with previous research 19, 20 suggesting that salience and personal relevance are important factors in recruitment rate. A recruitment rate of 85% was reported among lung cancer patients who were approached during a clinic visit to self-report symptoms. Patients were given the option of completing surveys using computers in the waiting area and also had the option of home access. 5 The literature reports a recruitment rate ranging from 4870% when the patients' own health care or condition is not the subject being evaluated in the survey. 21, 22 Since, our study inquired about the patients' own health care and rehabilitation progress, we feel this was instrumental in our high recruitment rate.
A unique component of our study was evaluating the eligibility and willingness of patients to respond. In the present study, 95% of the patients had Internet access and an email address making them eligible to participate in the web-based surveys, and 91% of these eligible patients were willing to participate in the surveys. Similar to our study, an eligibility of 96% and willingness of 86% in a sample population of lung cancer patients to complete web-based PROs both in a clinic and with an at home option has been reported. 5 The high rates of willingness to complete web-based health related surveys supports the use of this methodology in current practice. The high eligibility rates demonstrated in the present study could be attributed to the growth of technologies and internet access among patients.
Internet access
The use of technology as a means of distributing health-related questionnaires is feasible if the technology is available to the population of interest. In this study 95% of patients reported having Internet access and an available email address, with 100% of these patients having Internet access at home. This rate of access was notably higher than previously reported Internet access. In 1998, 42% of US households reported owning a computer and 26% had an email connection. 23 In 2003, 46% of rural and urban Indiana cancer clinic patients reported having access to the Internet. 24 The US Census reported in 2007 that 66% of Kentucky residents had Internet access at some location (school, library, etc.) and 60% had Internet access in their homes. 25 
Preferred method of contact
The majority of patients in this study reported that their preferred method of contact was email (43%), followed by telephone (33%), text (15%) and postal mail (9%) Although texting may be a common way of communication in the general public, it is reasonable most patients did not prefer to be contacted by research staff in such a personal method. Electronic mail provides a quick contact and response time, allowing the patient the convenience of responding on his or her own time compared to the instant response required with telephone contacts. Historically, the most common method of survey distribution is postal mail followed by telephone interviews. 1820 Interestingly, in the present study less than 35% of patients preferred to be contacted by telephone and less than 10% by mail. These findings are in agreement with previous research demonstrating that email or in person communication is the preferred communication method for patients for a variety of physician-patient interactions across a wide range of health conditions. 26 Furthermore, there is evidence to suggest that electronic communications, specifically email may improve clinical outcomes. 27 It is evident that as technology continues to grow, new distribution methods will be required in order to capture information from a greater number of subjects.
Response rate
This study reports an overall response rate of 43% across all time points in both the two-week and fourweek groups. Previous literature has reported response rates with web-based surveys between 5183% 4, 20, 28 with a response rate of 56% reported for a previous orthopedic web-based health survey. 29 However, when comparing this study to others in the literature it is important to remember that this was a longitudinal study examining response rates over a six-month postoperative period; whereas some other studies may have only examined response rates for a single time point. In the current study, a trend of decreasing response rates were observed over time, providing a possible explanation for lower response rates. Although the average response rate was 42%, response rates for the first 12 weeks were higher (4452%) and then decreased to 36% at 16 weeks and 30% at 24 weeks. The trend of decreased response rates after week 12 may relate to patients' clinical experience as they are often discharged from physical therapy around the three-month time point and many physical activity restrictions are removed. At this time point patients may have felt the questions on the survey were no longer relevant to them as their post-operative recovery and knee health was no longer at the forefront of their day to day activities. 19 Similarly, decreasing response rates over time may represent responder fatigue regardless of group membership.
It has been reported that longer questionnaires produce lower response rates. 30 A recent study evaluated response rates in patients completing web-based surveys that took either 1530 min to complete compared to a survey that took 3045 min to complete. The response rate was higher in patients that completed the shorter surveys (24% vs 17%). 30, 31 In the present study, the four-week survey consisted of 37 questions, estimated to take 1015 min, while the two-week version consisted of 13 questions, estimated to take 510 min. Those in the two-week group were asked to complete both the short (weeks 2, 5, 10, 14, 18, 22, and 26) and the long survey (weeks 4, 8, 12, 16, 20, and 24) . Within the two-week group, the average response rate for the long survey (46%) was actually greater than the average response rate for the short survey (41%). Therefore, it appears that among our patients, as long as the survey took less than 15 min to complete, length was not a factor that influenced response rate.
Survey compliance
Survey compliance was established based on the categorization of response rates. Overall, 26% of patients had excellent compliance, completing over 70% of the surveys sent to them, while 28% were non-compliant, completing no surveys. An additional 26% had poor compliance, completing less than half of the surveys sent to them. Reasons for non-compliance are multifactorial and may include technical problems (e.g. nondeliverable email, server malfunctions), discontinuation of treatment or therapy, symptom resolution, or general disinterest. Using technology to capture patient symptoms lends itself to the possibility of technical problems. It has previously been reported that up to 5% of participants completing on-line surveys reported technical problems. In the present study, technical difficulties were experienced. The difficulties were discovered after participants reported not being able to submit surveys. This was then reported to REDCap technical support, requiring over a month to determine the disruption with the survey system.
Feasibility
Feasibility was defined as the percentage of all participants approached during their clinic visit that went on to participate in the study with at least good compliance. Of all patients that were approached in the clinic to participate in the study, a total of 39% were considered to have good compliance. The literature reports that a response rate of at least 50% is generally considered adequate for analysis and reporting in order to avoid a response bias. 18 Although 39% is below the recommended response rate for survey data, among those who did complete at least one survey 64%, had good or excellent compliance. In this same sub-sample of patients the mean response rate was 57%, suggesting that biggest hurdle to acceptable study participation levels may be those patients who agree to participate, but fail to follow through on even a single survey. For longitudinal studies, this observation underscores the importance of participant selection and ensuring patients have an adequate understanding of study expectations and that declining to participate should they be unable or unwilling to meet those expectations is acceptable.
Other scales of assessing the quality of a research design, such as that listed in the Physiotherapy Evidence Database (PEDro) scale suggest that at least 85% of the subjects initially allocated into groups must complete a key outcome study. 32 Our study included all patients eligible to participate, yet only 72% of participants completed at least one survey, still not meeting the qualifications of the PEDro scale in this criterion. These results, combined with previous research, 4, 5 suggest that obtaining at least one outcome data point during an in clinic visit and/or providing patients with the ability to complete surveys during clinic visits may be necessary to ensure study feasibility.
Limitations
Limitations of this study include enrollment of only post-operative patients at an urban orthopedic medical center in central Kentucky. All participants enrolled were patients who had undergone knee surgery performed by a single orthopedic surgeon, which then required regular, ongoing physical therapy. Although the clinic is a comprehensive medical center, the results from this study may not be generalizable to all populations. However, our participants represented a heterogeneous sample of patients with varying levels of education and employment status suggesting that replication of our methodology in similar locales may produce similar results.
An additional limitation of the present study was that incentives were not used. There has been a reported increase in response rate with the use of incentives. Although incentives were not used in our study and can be difficult to incorporate into web-based surveys, they may prove beneficial to improve response rates. 19 There were also limitations involved in the web-based survey. Some of the participants received web-based surveys during the holidays (Thanksgiving to New Year) and non-compliance was observed during this time from participants who had been compliant prior to and subsequently following the holiday season. There were also periodic technical difficulties experienced in which participants were not able to complete the web-based survey. Participants were asked to report any problems experienced with the surveys, and these responses were considered compliant with that time point as the participant had taken the time to try to complete the survey and then reported these difficulties to research personnel. Finally, reasons regarding failure to complete the survey were not formally collected, in part because the majority of those who failed to return surveys could not be reached for follow-up despite numerous attempted phone calls. Future qualitative investigation regarding why individuals may choose not to complete follow-up health related surveys is recommended.
Conclusion
The results of this study supported our first hypothesis, that the overall recruitment rate would exceed 90%. We observed a high recruitment rate (98%), high eligibility (95%) based on Internet access and email availability, and a high willingness (91%) of patients to participate in web-based surveys. Our second hypothesis, that patients receiving surveys every two weeks would demonstrate a higher response rate than patients receiving surveys every four weeks was not supported. There was an average response rate of 42%, with the two-week group showing a slightly higher but not significantly different response rate (44%) than the four-week group (40%). Similarly, a difference in compliance was not observed between groups. Overall, 39% of patients approached for participation demonstrated good or excellent survey compliance over a six month post-operative period. Finally, our results supported our third hypothesis, with both groups demonstrating decreasing in response rates after the 12-week follow-up survey. This is one of the first studies to examine the feasibility of web-based surveys in an orthopedic population, and it should be noted that these results may not be generalizable to other healthcare areas. The results demonstrate that although orthopedic patients report being willing and able to participate in a web-based survey, response rates began to decrease after the first three months postoperatively, and a sub-set of patients failed to complete any research activities. Failure to complete any surveys was particularly problematic in the four-week group where 40% of patients failed to return a single survey. However, the percentage of participants achieving good or excellent compliance did not differ between groups suggesting that there is no meaningful advantage to sending outcomes surveys at two-week intervals comparted to four-week intervals. Overall, these findings demonstrate that although it is feasible to conduct a web-based survey to collect PROs and rehabilitation progress in post-operative orthopedic patients, supplementary data collection procedures may be necessary to meet established research quality standards.
